Two novel weakly basic anion exchange resins BNH and BN2 bearing two different functional groups was fabricated via the two-step amination of chloromethylated polystyrenedivinylbenzene beads with dibutylamine and dimethylamine. The adsorption properties of BNH and BN2 for the 2-naphthalenesulfonic acid (NSA) removal from wastewater were compared with two synthesized monofunctional anion exchange resins BN0 and BN6 (derived from dimethylamine and dibutylamine, respectively). The experimental data revealed that the adsorption process on the four resins fitted well with the pseudo-second-order kinetics equation and the equilibrium isotherms were in good agreement with the Langmuir model. Thermodynamic analyses illustrated that 2-naphthalenesulfonic acid adsorption onto resins was an endothermic and spontaneous process. Importantly, BN2 still displayed relatively high adsorption capacity in the existence of Na 2 SO 4 , indicative of an excellent selectivity for 2-naphthalenesulfonic acid over sulfate than other resins. The obtained results elucidate that BN2 could have potential industrial application in effluent disposal fields because of its superior selectivity, acceptable kinetics, and desorption capability.
Introduction
Owing to the discharge of abundant wastewater and hazardous substances, effluent from dye-related industries, such as tanning agent, printing, and textile has drawn widespread attention. Aromatic sulfonic acids (ASAs) have been widely used as dye intermediates, which results in many detrimental effects on human health and ecosystem because of the intrinsic physicochemical properties of the organic matters as well as the complex composition of the drainage (Labiadh et al., 2015; Li et al., 2017; Qin et al., 2014) . Considering poor biodegradation property and high toxicity of recalcitrant compounds derived from naphthalene, benzene, phenol, aniline, traditional wastewater treatment techniques could not be easy to eliminate these pollutants (Gu¨zel et al., 2015; Usha et al., 2010) . Hence, it is imperative to develop effective destruction methods for ASAs from industrial sewage.
Adsorption is known as a high-efficiency, cost-effective, and easily available technique, and various adsorbents have been explored to remove ASAs. For instance, Gu et al. produced an adsorbent via introducing reed straw (RS) into sewage sludge-based activated carbon, and the presence of RS enhances the adsorption of 1-diazo-2-naphthol-4-sulfonic acid from aqueous solution (Gu et al., 2014) . Zhang et al. (2016) proposed a novel macroporous amination resin, which exhibits superior affinity toward 8-amino-1-naphthol-3,6-disulfonic acid compared with three commercial resins. Among these adsorbents, weakly basic anion exchange resin is used extensively as a promising adsorbent on account of its huge specific surface area, fascinating regeneration performance and well-developed pore structures (Jia et al., 2011) . Nevertheless, the charge of ASAs is always accompanied by excessive Na 2 SO 4 or other inorganic salts which can forcefully compete for adsorption sites on adsorbent (Gu et al., 2013; Pan et al., 2008a) . There are few reports about the removal of ASAs onto weakly basic resins due to their relatively low selectivity in saline wastewater. To circumvent this problem, some researchers found that the introduction of functional groups to adsorbent could not only better enhance the adsorption capacity of pollutants, but also improve its selectivity (Fu et al., 2016; Li et al., 2012; Zhang and Xu, 2014) . In our previous work, we have introduced dicyclohexylamine and piperidine into chloromethylated polystyrene-divinylbenzene (Cl-PS-DVB) beads, respectively, to prepare two novel weakly basic anion exchange resins that can adsorb benzenesulfonic acid selectively from an aqueous solution containing sulfate (Sun et al., 2017) . Nevertheless, the investment costs of dicyclohexylamine and piperidine are relatively high, and efforts of research have been devoted to synthesize more economical adsorbents in recent years. Accordingly, the functionalization of adsorbent using low-cost amines is essential to improve the adsorption selectivity.
In the present study, based on the stepwise reaction with two low-cost compounds, that is, dibutylamine and dimethylamine, novel weakly basic anion exchange resins containing different amino group were successfully prepared. 2-Naphthalenesulfonic acid (NSA) has been selected as a model compound of ASAs (Pan et al., 2008b) . Batch experiments were conducted to test the adsorption performance of the resulting resins, especially to evaluate the selectivity of resins for NSA in existence of Na 2 SO 4. The adsorption equilibrium isotherms, kinetics, and thermodynamics of various resins were systematically investigated and compared.
Materials and methods

Materials
NSA was purchased from Aladdin Industrial Corporation (Shanghai, China). Cl-PS-DVB beads holding 6% of cross-linking degree and 18% of chloride content were acquired from Zhengguang Co., Ltd (Zhejiang, China). Dibutylamine (DBA) and dimethylamine (DMA) were supplied by Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). Reagents and solvents were of analytical reagent grade and purchased from Chengdu Kelong Chemical Co. Ltd (Sichuan, China).
Preparation of adsorbent and characterization
The amination of DBA and DMA onto Cl-PS-DVB beads was carried out as Figure 1 . Briefly, 50 g Cl-PS-DVB beads were mixed with 80 g benzene in 500 mL three-necked flask with stirring at 303 K for 6 h, and then the swollen polymer particles were filtered out of the suspension. The mixture of 150 g DBA and 30 g anhydrous ethanol was dropped into the flask with stirring at 323 K for x h (where x is equal to 0, 0.5, 2, and 6 h). After amination, 10 g product was removed out and rinsed successively with deionized water, 4% HCl, deionized water, 4% NaOH and finally deionized water until the pH of the eluate was near neutral. Finally, the functional resin was extracted with anhydrous ethanol and dried at 318 K for 8 h. Next, the second amination was executed as follows: 120 g DMA was dropwise added to the flask with stirring at 323 K to react y h (where y is equal to 6, 6, 6, and 0 h) with remaining resin. The wash sequence and final procedure were as above.
According to the differences between x and y h in two-step amination, four kinds of weakly basic anion-exchange resins (BN0, BNH, BN2, and BN6) were synthesized. The total anion exchange capacity (TAEC) for four resins was obtained by performing a Mohr titration on the chloride ion replaced when resins were treated with excess sodium nitrate. The relationships between the exchange capacity and the bifunctional groups ratio of the four synthetic resins are presented in Table 1 .
The FTIR spectra of resins were acquired on a Nicolet 5700 IR spectrometer (Madison, WI, USA) employing a pellet of powdered potassium bromide and adsorbent at ambient temperature. Specific surface area and pore structure of resins were analyzed by N 2 adsorption/desorption method at 77 K using an automatic surface area analyzer (Micromeritics ASAP-2020, USA). 
Adsorption experiments
Four synthetic anion-exchange resins (BN0, BNH, BN2, and BN6) were utilized in this adsorption study. Isotherm studies for the four resins at three different temperatures (283, 293, and 303 K) were determined in 100 mL Erlenmeyer flasks containing 0.05 g resins and 50 mL solutions of NSA from a range of concentrations (1.20-12.00 mmol/L) agitated at 150 r/min for 24 h, respectively. For kinetic experiments, 500 mL flasks with 300 mL of 7.20 mmol/L NSA solution were performed at different time intervals under 303 K. The influence of initial solution pH on NSA removal was studied by varying the pH from 1 to 9 and diluted 0.1 M NaOH and 0.1 M H 2 SO 4 solutions were utilized to adjust the solution pH throughout the experiment when necessary. The effect of ionic strength on the amount of NSA adsorbed was discussed over the Na 2 SO 4 concentration, ranging from 1.41 to 7.04 mmol/L. The concentrations of NSA in supernatant solutions were assessed using UV-vis spectrophotometer at 275 nm wavelength, before and after the adsorption process. The adsorption amount (Q, mmol/g) was calculated according to equation (1)
where C 0 and C e (mmol/L) are the initial and final concentration of NSA solution, respectively. V (L) is the solution volume W represents the weight of the dry resin (g).
Desorption procedure
For desorption study, 0.05 g of four resins were added into 50 mL of 7.20 mmol/L NSA solution agitated at 150 r/min for 24 h, subsequently the NSA loaded adsorbents was filtered and soaked in 0.1 M NaOH solution for 2 h at 323 K. Finally, the amounts of NSA eluted were measured. The desorption efficiency (%) was calculated by the following equation
where DE is the percentage of NSA desorbed into 0.1 M NaOH, M a is the amount of NSA adsorbed on resins, and M d is the amount of NSA desorbed from resins by NaOH. Results and discussion
Characterization of resins
As seen in Figure 2 , the absorption bands at 1367 and 1018 cm À1 corresponds to the C-N stretching vibration appeared after amination, and the N-H vibration of amine resin is due to its 2757 cm À1 band (Kau sp_ edien_ e et al., 2013; Siddiqi et al., 2018; Wang et al., 2007) . The aforementioned phenomena validated the successful synthesis of amine resins. Figure 3 depicts the nitrogen adsorption/desorption isotherm, and the BET surface area and total pore volume of four resins are exhibited. It can be found that the BET surface area is in the same level, but the TAEC of resins (Table 1) indicates a decreasing trend with the increase of functional group size, resulting from the steric hindrance effect of different functional groups (Subramonian and Clifford, 1988) .
Effects of pH
Considering the pH of wastewater is of great significance to the adsorption process, the influence of initial pH for NSA uptake onto the four resins are shown in Figure 4 . When pH is 2, the protonation of the amino groups can enhance the electrostatic attraction between resins and anions of NSA. Moreover, protonated amino groups possess a strong binding force with naphthalene ring p electron cloud of NSAs to form N-HÁÁÁp hydrogen bond, which leads to high adsorption of NSA (Burley and Petsko, 1986) . When pH is lower than 2, the low adsorption capacity for NSA could be ascribed to the competitive adsorption with the added sulfate anions for pH adjustment (Pan et al., 2005) . When pH is higher than 2, a large of number of amino groups are deprotonated, resulting in electrostatic repulsion between resins and anions of NSA and consequently, the adsorption capacities would be weakened with the increasing pH value (Hameed et al., 2008; Pei et al., 2013) . Interestingly, when pH is in the range of 2-7, the adsorption of NSA on resin BN0 with only dimethylamine functional groups is seriously affected by pH than other resins containing dibutylamine functional groups. This may be due to the fact that the pKa of dibutylamine adsorption sites is larger than that of dimethylamine adsorption sites, resulting in a stronger protonation capacity at the same pH. Therefore, pH 2.0 was employed in the following studies. Figure 5 shows the kinetic data of NSA adsorption by the four resins at pH 2.0 and 303 K. The data were analyzed using two kinetic models: the pseudo-first-order and pseudo-secondorder. The equations are listed as follows (Jime´nez-Cedillo et al., 2013; Zhang et al., 2016) 
Adsorption kinetics
Àk 1 t Þ (3) Figure 5 . Pseudo-second-order model for the adsorption of 2-naphthalenesulfonic acid onto BN0, BNH, BN2, and BN6. where Q e and Q t (mmol/g) are the adsorption capacities of NSA adsorbed at equilibrium and any time (min), respectively. k 1 (min
À1
) and k 2 (g mmol À1 min
) are the rate constants of the pseudo-first-order and pseudo-second-order kinetic models, respectively. The fitting data are displayed in Table 2 . According to the coefficients of determination (R 2 ) and the chi-square (v 2 ), the pseudo-second-order model is more suitable to describe the adsorption behavior of NSA onto the four resins. Additionally, the value of k 2 increased in the order: BN6 > BN0 > BNH > BN2, thereby indicating that the large alkyl group substituents on positive nitrogen active site could improve steric and hydrophobic effect (Donia et al., 2011) . BN0 with the smaller alkyl chain derived from dimethylamine make the steric hindrance minimize. Since the exchange capacity of BN6 is much lower than that of BN0, the k 2 value of BN6 is the largest. Therefore, the steric hindrance of BN2 is large due to the large alkyl group derived from dibutylamine, which results in a relatively slow speed.
Adsorption isotherm and thermodynamics
The adsorption isotherm of NSA on four resins at different temperatures are depicted in Figure 6 . Langmuir and Freundlich equations (Zhu et al., 2016) (equations (5) and (6)) were adopted to fit for the experimental data, and the fitting results are given in Table 3 . Figure 6 . Adsorption isotherm of 2-naphthalenesulfonic acid onto resins simulated by the Langmuir model.
where Q e (mmol/g) is the adsorption capacity at equilibrium and Q m (mmol/g) is the monolayer adsorption capacity.
/g) and n are Freundlich constants.
The constants (K L , K F , and n), the calculated Q m , R 2 and v 2 for the two isotherm models are calculated and listed in Table 3 . The Langmuir model appears to provide the best fit for the data than the Freundlich model for the four resins, judging from the values of R 2 and v 2 . The Langmuir model can well describe that the adsorption of NSA onto resins occurs in a monolayer under the surface (Langmuir, 2015) . Note that the adsorption capacity of four resins increases a little when the temperature increases, signifying a special characteristic of electrostatic interaction without a big variation with temperature . Moreover, the Q m of NSA onto all the resins change in the same order with the total anion exchange capacity: BN0 > BNH > BN2 > BN6. In view of their same PS-DVB matrix, different adsorption performance of BN0, BNH, BN2, and BN6 could be ascribed to the different functional group on the surface of the adsorbent. Thus, the electrostatic attraction between sulfonic group of NSA and amine group can be a primary adsorption mechanism, compared with other weak interactions such as hydrophobic and p-p interactions.
The thermodynamic parameters, the free energy change (DG 0 ), enthalpy change (DH 0 ), and entropy change (DS 0 ) can be calculated by the following equations (Lima et al., 2019; Liu, 2009; Liu and Liu, 2008 ) where R is the gas constant (8.314 J/(molÁK)), and T is the temperature (K). K e is the equilibrium constant without units. DH 0 and DS 0 were determined using the slope and intercept of the plots of lnK e versus 1/T. The thermodynamic parameters are given in Table 4 . The adsorption of NSA onto BN0, BNH, BN2, and BN6 is spontaneous at 283, 293, and 303 K, identifying from the negative DG 0 values. Besides the values of DG 0 become more negative with the rise of temperature, suggesting the adsorption is more favorable at a higher temperature. The positive DH 0 reveals that the adsorption reaction is endothermic. The DS 0 is positive, which illustrates that the increased randomness at the solid-solution interface during the adsorption process.
Effect of Na 2 SO 4 and adsorption selectivity
Previous studies have demonstrated that the existence of anions inevitably reduces the uptake of ASAs because of the competition for adsorption sites. Sodium sulfate (Na 2 SO 4 ) was chosen as representative inorganic salts. As presented in Figure 7 , the adsorbed amounts of NSA on BN0 and BN6 decreased sharply with the increase in the concentration of Na 2 SO 4 from 1.41 to 7.04 mmol/L. Nonetheless, a slight dip on BNH and BN2 could be observed. The distribution ratio K d (L/g) was determined by equation (9) for the purpose of quantifying the selectivity of the four resins (Pan et al., 2005) 
The resulting K d values of the four resins at different initial Na 2 SO 4 concentration are exhibited in Figure 8 . Among the four resins, the K d values of the monofunctional resins BN0 and BN6 are much lower than those of BN2 and BNH at the identical amount of Na 2 SO 4 addition. At the same time, the K d values of BN0 are only higher than those of BN6. The above-mentioned results can be attributed to the following reasons. First of all, as a divalent anion, SO 4 2À needs to be exchanged with two contiguous active sites on the resin. Consequently, it is harder for SO 4 2À to attach to the amine groups of the long alkyl chain. Moreover, longer alkyl chain is a positive factor affecting the hydrophobicity of resin and could make resin more selective in adsorbing organic anions than inorganic anions such as SO 4 2À with higher hydrophilicity (Luo et al., 2015) . Besides, BN2, BNH, and BN6 are relatively insensitive sensitive to sulfate ion, and the lowest uptake of NSA onto BN6 is caused by its the lowest exchange capacity. Thus, the highest selectivity of novel dual functional exchanger BN2 for NSA may be ascribed to -N(C 4 H 9 ) 2 to enhance the selectivity as well as -N(CH 3 ) 2 to increase the exchange capacity.
Desorption
Desorption is of great importance in evaluating the possibility of reusing adsorbent. Taken into account the fact that the four resins possess lower adsorption capacity toward NSA at increased pH. Hence, the desorption of NSA adsorbed on resin was carried out using 0.1 M NaOH solution. Figure 9 displays that the desorption efficiency of BN0, BNH, BN2, and BN6 is 83.3%, 91.9%, 95.2%, and 91.2%, respectively, implying that these resins possess better desorption performance than that of commercial weak-base exchanger D-301 which has been applied in the removal of ASAs from industrial wastewater (Pan et al., 2005 (Pan et al., , 2008a . In addition, NaOH is able to desorb NSA, which may further manifest that the predominant adsorption affinities between NSA and BN2 are electrostatic interaction.
Conclusion
In summary, two novel dual functional weakly basic anion exchange resins BNH and BN2 were successfully prepared, and two monofunctional anion exchange resins BN0 and BN6 were functionalized with dimethylamine and dibutylamine, respectively. Comparative studies on adsorption performances of BN0, BNH, BN2, and BN6 indicated that all adsorption process could be well described using the pseudo-second-order kinetics, and equilibrium data obeyed the Langmuir model. Thermodynamics analysis demonstrated the NSA uptake was an endothermic and spontaneous process. Furthermore, BN2 displayed the best adsorption capacity toward NSA in water containing competitive sulfate, and the largest values of K d exposed that that optimizing the content ratio of dual functional groups can enhance the adsorption selectivity for NSA of the resin. Compared with other resins, better desorption performance of BN2 exhibited its potential reusability. Consequently, the weakly basic anion exchange resin BN2 with dual functional groups is qualified for the removal of NSA and other similar aromatic sulfonic compounds from the effluent.
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